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Abstract — The cattle tick Rhipicephalus (Boophilus) microplus is the most economically important ectoparasite 
affecting the cattle industry in tropical and subtropical areas around the world. The principal method of tick control 
has relied mainly on the use of chemical acaricides, including ivermectin; however, cattle tick populations resistant 
to ivermectin have recently been reported in Brazil, Mexico, and Uruguay. Currently, the molecular basis for ivermectin 
susceptibility and resistance are not well understood in R. microplus. This prompted us to search for potential molecular 
targets for ivermectin. Here, we report the cloning and molecular characterization of a R. microplus glycine-like recep- 
tor (RmGlyR) gene. The characterized mRNA encodes for a 464-amino acid polypeptide, which contains features com- 
mon to ligand-gated ion channels, such as a large N-terminal extracellular domain, four transmembrane domains, 
a large intracellular loop and a short C-terminal extracellular domain. The deduced amino acid sequence showed 
around 30% identity to GlyRs from some invertebrate and vertebrate organisms. The polypeptide also contains the 
PAR motif, which is important for forming anion channels, and a conserved glycine residue at the third transmembrane 
domain, which is essential for high ivermectin sensitivity. PCR analyses showed that RmGlyR is expressed at egg, lar- 
val and adult developmental stages. Our findings suggest that the deduced receptor is an additional molecular target to 
ivermectin and it might be involved in ivermectin resistance in R. microplus. 
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Resume - Clonage et caracterisation d'un gene homologue au recepteur a la glycine chez la tique des bovins 

Rhipicephalus (Boophilus) microplus (Acari : Ixodidae). La tique des bovins Rhipicephalus (Boophilus) microplus 
est l'ectoparasite affectant l'industrie du betail le plus important economiquement dans les zones tropicales et 
subtropicales du monde. La principale methode de lutte contre les tiques s'est appuyee principalement sur 
l'utilisation d'acaricides chimiques, en particulier rivermectine ; toutefois, des populations de tiques des bovins 
resistantes a rivermectine ont ete signalees recemment au Bresil, au Mexique et en Uruguay. Actuellement, la base 
moleculaire de la sensibilite et de la resistance a rivermectine n'est pas bien comprise chez R. microplus. Cela 
nous a incites a rechercher des cibles moleculaires potentielles de rivermectine. Dans ce travail, le clonage et la 
caracterisation moleculaire d'un gene homologue au recepteur a la glycine (RmGlyR) de R. microplus sont 
rapportes. L'ARNm caracterise code pour un polypeptide de 464 acides amines, qui contient des caracteristiques 
communes aux canaux ioniques ligand-dependants, comme un grand domaine extracellulaire N-terminal, quatre 
domaines transmembranaires, une grande boucle intracellulaire et un court domaine C-terminal extracellulaire. La 
sequence d'acides amines deduite a montre environ 30 % d'homologie avec des GlyRs de certains organismes 
invertebres et vertebres. Le polypeptide contient egalement le motif PAR, qui est important pour la formation de 
canaux d'anions, et un residu glycine conserve dans le troisieme domaine transmembranaire, qui est essentiel pour 
une sensibilite elevee a rivermectine. Des analyses PCR ont montre que RmGlyR est exprime dans l'oeuf, les larves 
et les stades de developpement des adultes. Les resultats obtenus suggerent que le recepteur decrit est une cible 
moleculaire supplemental de rivermectine et qu'il pourrait etre implique dans la resistance a l'ivermectine chez 
R. microplus. 



*Corresponding author: mo ise smart inezvQyahoo. com. mx 



This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.Org/licenses/by/4.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited. 



2 



J.M. Flores-Fernandez et al.: Parasite 2014, 21, 43 



Introduction 

The cattle tick Rhipicephalus (Boophilus) microplus is the 
most economically important ectoparasite affecting the cattle 
industry in tropical and subtropical areas around the world 
[16]. Reduction in weight gain and milk production, and skin 
damage, besides transmission of pathogens causing bovine bab- 
esiosis and anaplasmosis, result in substantial economic losses 
for cattle producers. Currently, the principal method of tick con- 
trol is the application of chemical acaricides; however, their 
indiscriminate and intensive use has led to the development 
of tick populations resistant to organophosphates, pyrethroids, 
amidines, and macrocyclic lactones, which represents a world- 
wide drawback for successful tick control [6, 23, 24, 27, 30]. 
Ivermectin (TVM) is one of the macrocyclic lactones most used 
for tick control, and resistance to IVM has been shown in some 
countries such as Brazil and Mexico, and recently an incipient 
resistance in Uruguay [6, 15, 23, 26]. Despite the fact that 
R. microplus is a parasite with known IVM susceptibility, the 
molecular basis for this susceptibility, as well as the mecha- 
nisms involved in IVM resistance, are currently poorly under- 
stood. IVM activates gamma-aminobutyric acid-gated 
(GABA), glutamate-gated (GluCl), and glycine-gated (GlyR) 
chloride ion channels in nerve and muscle cells in arthropods 
and nematodes, causing paralysis of peripheral motor function, 
inhibition of feeding and reproduction and, ultimately, death 
[7, 30, 37, 38]. These effects are believed to occur in 
R. microplus ticks exposed to IVM, presumably via the same 
receptors. However, until recently, just a GABA receptor and 
a GluCl channel have been characterized in this tick [8, 14]. 
The discovery of molecular targets for IVM provides an oppor- 
tunity to understand its biological effects better, to determine 
the molecular mechanisms that lead to acaricide resistance, 
and for the identification of novel acaricide agents. In this study, 
we report the molecular cloning and characterization of a 
glycine-like receptor gene, and its expression in different 
development stages in R. microplus ticks. 

Materials and methods 

Ticks and tissues 

The R. microplus Media Joya strain, which is susceptible to 
all major classes of acaricides, was obtained from CENID- 
PAVET-rNIFAP, located in the State of Morelos, Mexico. Ovar- 
ian and intestinal tissues were obtained by dissection from 
engorged female ticks as described by Tsuda et al. [36]. 

RNA extraction 

Total RNA was extracted from different development 
stages; eggs, larvae, and adult tissues, using TRIZOL reagent 
(Invitrogen, Carlsbad, CA, USA). cDNA was synthesized from 
4 ug of RNA using the Superscript® III First-Strand Synthesis 
System (Invitrogen, Carlsbad, CA, USA) according to the man- 
ufacturer's instructions. 



5' Rapid amplification of cDNA ends (RACE) 

A TC2637 EST sequence was obtained from a database of 
cDNAs expressed in R. microplus (BmiGI database, 
ht1p://compbio.dfci.harvard.edu/tgi/cgi-bin/tgi/gimain.pl?gudb=b_ 
microplus). To characterize the 5' end sequence of the 
GlyR receptor, specific primers for the sequence were 
designed (GSPlGlyR 5' -CAAGGTGAACGTGGCATTGA-3' 
and GSP2GlyR 5'-GAACACGCCTGTGTCGATAGC-3'), which 
were used in conjunction with the AAP primer provided by the 
5' RACE system (Invitrogen, Carlsbad, CA, USA) as outlined by 
the manufacturer. PCR conditions were as follows: 94 °C 
for 5 min, 35 cycles of 94 °C for 30 s, 55 °C for 30 s, and 
72 °C for 90 s, and then 72 °C for 10 min. 

Cloning and sequencing 

The putative receptor amplicon was purified and then 
cloned into the pCR®2.1-TOPO T/A plasmid vector (Invitro- 
gen, Carlsbad, CA, USA) which was used to transform compe- 
tent Escherichia coli TOP 10 cells. E. coli was then incubated 
overnight at 37 °C on LB plates containing ampicillin and 
X-gal. Five white colonies were isolated and cultured overnight 
in LB medium containing 50 ug/mL ampicillin. Plasmid DNA 
was extracted using the QIAprep Spin Miniprep Kit (Qiagen, 
Hilden, Gennany) according to the manufacturer's instructions. 
The positive transformants were analyzed by PCR using for- 
ward and reverse M13 primers. Once the correct clone was 
identified, the plasmid DNA was submitted to the Laboratorio 
Nacional de Biotecnologia Agricola, Medica y Ambiental 
(LANBAMA) of the Instituto Potosino de Investigation 
Cientifica y Tecnologica (IPICYT) (San Luis Potosi, Mexico) 
for sequencing. The new sequence was deposited in GenBank 
with accession number KJ476181. 



Polymerase chain reaction 

The following primers (Integrated DNA Technologies, Inc., 
Coralville, IA, USA) were used: F-RmGlyR 5'-ATG CTT GAG 
CAG TAC GAC AA-3' and R-RmGlyR 5'-TAT CAA GTG 
GTA GCC ATT CTG G-3' using cDNA from eggs, larvae, 
and adult tissues as a template. PCR conditions were 94 °C 
for 5 min followed by 35 cycles, each consisting of denatur- 
ation at 94 °C for 30 s, annealing at 54 °C for 30 s, and exten- 
sion at 72 °C for 45 s. A final extension step at 72 °C for 
10 min was included. The amplified products were run on 
1% agarose gels and were analyzed on a UV transilluminator 
(Bio-Rad Laboratories, Philadelphia, PA, USA). Control ampli- 
fication was carried out using the following primers: F-5'-GAC 
GCA GAT CATGTT CGA GA-3' and R-5'-ACA GGT CCT 
TAC GGA TGT CG-3', designed from R. microplus actin 
(GenBank accession number AY255624.1). PCR conditions 
were 94 °C for 5 min followed by 35 cycles, each consisting 
of denaturation at 94 °C for 30 s, annealing at 60 °C for 
30 s, and extension at 72 °C for 45 s, with a final extension 
step at 72 °C for 7 min. The results are expressed as a ratio 
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of the density of the RmGlyR product to the density of the actin 
products from the same template. 

Bioinformatics analysis 

Primers were designed with Primer3 software v. 4.00 
[http://primer3.wi.mit.edu/; 32]. The search for similarity 
among sequences was conducted using the BLAST service 
from the National Center for Biotechnology Information 
(NCBI, USA) [http://blast.ncbi.nlm.nih.gov/Blast.cgi; 1]. The 
nucleotide to amino acid sequence translation was done using 
the Translate Tool [http://web.expasy.org/traslate/; 9]. The signal 
peptide sequence was predicted using the SignalP 4.1 server 
[http://www.cbs.dtu.dk/services/SignalP/; 28]. Membrane span- 
ning domains were predicted by the TMHMM Server at the Center 
for Biological Sequence Analysis, Technical University of 
Denmark, DTU [http://www.cbs.dtu.dk/services/TMHMM/; 
18, 19]. The two-dimensional representation was made using 
TMRPres2D [http://bioinformatics.biol.uoa.gr/TMRPres2D/; 35]. 
The molecular weight and theoretical isoelectric point were 
predicted by the ExPASy ProtParam tool [http://web.expasy.org/ 
protparam/; 10]. Multiple alignments of the nucleotide and amino 
acid sequences were performed using the multiple alignment 
program ClustalW [http://www.genome.jp/tools/clustalw/; 19]. 

Results 

Identification of the RmGlyR gene and full-length 
cDNA cloning 

The molecular basis for IVM susceptibility and resis- 
tance are not well understood in R. microplus ticks. This 
prompted us to search for novel molecular targets for IVM. 
Guerrero et al. [11] deposited a number of EST sequences with 
similarity to genes with possible roles in response to acaricide 
exposure or development of acaricide resistance. We focused 
on the EST TC2637 (GenBank accession no. CK1 84967), 
given that tentatively encodes for a chloride channel, a known 
target for IVM, and proceeded to further characterization. Based 
on the TC2637 sequence, we designed specific oligonucleotides 
GSP1 GlyR and GSPlGlyR and used the 5' RACE system to 
characterize the missing 5' end of the GlyR sequence. Once 
we found the correct ORF and the deduced stop codon position, 
we designed PCR primers for the amplification of the respective 
full-length cDNA, which was cloned and sequenced 
(KJ476181). Sequence analysis showed that the flanked region 
has an ORF 1392 bp that encodes for a 464-amino acid poly- 
peptide (Fig. 1), which contains features common to ligand- 
gated ion channels, such as a large amino-terminal extracellular 
domain, four transmembrane domains and a large intracellular 
loop (Fig. 2), with a predicted molecular mass of 52.85 kDa 
and a pi of 8.13. The deduced polypeptide appears to have 
no signal peptide. 

BLAST analysis showed 32%, 34%, and 32% identities 
among RmGlyR and GlyRs from Ciona intestinalis, Danio rerio 
and Bos taurus, respectively, and 33% and 29% with the sub- 
units a and b of GlyR from Homo sapiens, respectively. All 
compared amino acid sequences contain four transmembrane 



domains and two cysteine residues that form the characteristic 
Cys-loop (Fig. 3). The sequences also share the PAR signature 
at the end of the first intracellular loop (Fig. 3, shaded in yel- 
low). This signature is associated with most anionic Cys-loop 
(ligand-gated ion channels) LGICs, more specifically in those 
labeled as alpha subunits. 

Expression pattern of RmGlyR in the life cycle 
of R. microplus 

To determine the expression profiles of the RmGlyR gene, 
total RNA was extracted from tissues of different developmen- 
tal stages, including eggs, larvae, and adult. RT-PCRs were per- 
formed using the primers F-RmGlyR and R-RmGlyR. The 
expression levels of RmGlyR were normalized by the actin lev- 
els, as mentioned before. The highest expression of RmGlyR 
was observed in adult ovary tissue, whereas at the egg stage 
the expression level was lower (Fig. 4). 

Discussion 

Acaricide resistance in R. microplus is routinely determined 
using bioassays. These methods, however, are time-consuming 
to perform and, depending on the acaricide mode of action, can 
yield relatively poor sensitivity [31]. The use of molecular 
methods offers researchers the opportunity to find new molec- 
ular targets for acaricide susceptibility and resistance detection, 
as well as the chance to discover new drugs against ticks. 
Macrocyclic lactones such as IVM play a major role in control- 
ling R. microplus ticks. Nonetheless, the molecular target sites 
for IVM have not yet been elucidated and characterized at 
the molecular level in this parasite. IVM activates GABA and 
glutamate-gated chloride channels [38], both of which belong 
to the Cys-loop LGICs, which constiUite a family of pentameric 
channels defined by a fixed-length cysteine loop in the N-terminal 
extracellular domain and four transmembrane (TM) regions. 
These Cys-loop receptors mediate the synaptic transmission of 
nerve impulses [13]. In other arthropods and nematodes, IVM 
activates GluCls at nanomolar concentrations. Higher (micromo- 
lar) concentrations of IVM also activate or modulate vertebrate 
Cys-loop receptors, including the excitatory nicotinic and the 
inhibitory GABA type-A and glycine receptors (GlyRs) [21, 34], 
Hope et al. [14] characterized the first GABA receptor from 
R. microplus that belongs to the Cys-loop LGIC family, and 
identified a mutation that causes a codon change from threonine 
to leucine, which confers resistance to dieldrin. Later, Gassel et al. 
[8] reported another member of the LGIC family, a glutamate- 
gated (GluCl) chloride channel. In this work we report a 
glycine-like receptor, the newest member of the LGIC family in 
R. microplus. RmGlyR contains a large N-terminal extracellular 
domain (ECD), four TM regions (TM1-TM4), a large intracellu- 
lar loop between the regions TM3 and TM4, and a short extracel- 
lular C-terminal domain. In the ECD the ligand binding occurs, 
whereas the TM2 region cooperates to form the ion channel pore, 
and the large intracellular loop is important for protein-protein 
interactions involved in trafficking, clustering, intracellular mod- 
ulation, and related processes [3 , 1 7, 22] . Glycine-gated channels 
had been found only in vertebrates but recently GlyRs have been 
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1 tcggtcaaccagactacagcggctacgcagtggccgccgctttttcagtactgcgccgga 60 

SVNQTTAATQWPPLFQYCAG 
61 gctccgcggacgtctctccgattccaccagcaagaaaaagtcgtcataagcagtaccgga 120 

APRTSLRFHQQEKVVISSTG 
121 ggcacgggtagcagtagtgaggtgtacctgagcagcgtggagcgcgagagtgattccccc 18 0 

GTGSSSEVYLSSVERESDSP 
181 gcgacaagcgacgtgcctgcgacgtcggccgagacgcccggaggtggcgacccgtcggtg 24 0 

ATSDVPATSAETPGGGDPSV 
241 cotgctocgcggctcgccttcctcgacaagatgctcgagcagtacgacaagcgcgcctgg 300 

PAPRLAFLDKMLEQYDKRAW 
301 cccacctacggaatggggcatccaacgtacgtcaaagtgaacatatacgtgaacagcata 360 

PTYGMGHPTYVKVNIYVNSI 
3 61 ggccctgtcaacgcgaacaacatggaatatggcatggacatctacctgcgccagtcttgg 420 

GPVNANNMEY GMD I YLRQSW 
421 caggacctccggttgaacgtgagcaagtacggagtgaccactccggtgaccatcaacggc 480 

QDLRLNVSKYGVTTPVTING 
481 gaggacatcatgagcaagatctggaagcccgacctgttctttcgcaacgtgaaggaggcc 54 0 

EDIMSKIWKPDLFFRNVKEA 
541 agcttccactacgtcacggttcccaacaagctggtoaagotgggtcccgacggagaggtg 600 

SFHYVTVPNKLVKLGPDGEV 
601 ctgttcagcatgcgcctcacgttgcggctcgcctgcttcatgtctttcaggcattttccc 660 

LFSMRLTLRLACFMSFRHFP 
661 ttggacacgcaacgctgtcacattctgctcggaccctatgcccaaaccatagaacaaaca 720 

LDTQRCHILLGPYAQTIEQT 
721 gcgatttcatggcaagacacggatcccattgtacttgaacggcccatcgaaattcccgag 78 0 

AISWQDTDPIVLERPIEIPE 
781 tttgatcttgtacacaactcgtatggacattacaaccgggctatcgacacaggcgtgttc 84 0 

FDLVHNSYGHYHRAIDTGVF 
8 41 agtttcctcaatgccacgttcaccttggagcgccagaatggctaccacttgatacagacg 900 

SFLNATFTLERQNGYH L I Q T TM1 
901 tacctgcccaccttcctgatcgtcatgatctcctgggtctctttctggctcaacgtggac 960 

YLPTFLIVMI SWVSFWLNV D 
961 gcaacgcccgcgcgagtcaccctcggagtcaccacgctgctcaccatgaccaccgttgcg 1020 

A T P A R VTI1SVTTLI1TMTTVA TM2 
1021 tcgggcgtgcgcacgcagctaccgcccgtgtcatacattaaagccatcgacgtgtggata 1080 

S G V RTQLPPVSYIKAID V W I TM3 
1081 ggcgcctgctctgtcatggtcttcggagccctgctagagttcacactagtcaactacttg 114 0 

GACSVMVFGAIiLEFTIiVNYIi 
1141 tcgagaagcaaactgcgccccgaggagtttcgcaagtctatcaacatattccatcggaac 1200 

SRSKLRPEEFRKS INI FHRN 
1201 cggaaaggcggcgaaaaacgagatggtgaggaaggtcccaacaaatacgagacccgcggg 12 60 

RKGGEKRDGEEGPNKYETRG 
12 61 cacatggaacttcaaaagaacctcaagaggtcccagaacgttgacaaagtgtgtcgcatc 1320 

HMELQKNLKRSQNVDK V C R I TM4 
1321 atgtttccattcgtgttcttcgtcttcaacgtcgtctactggttctactacctctacatg 138 0 

MFPFVFFVFNVVYWFYYLY M 
1381 agcgagttcacctga 1395 

S E F T - 

Figure 1. Nucleotide and deduced amino acid sequence of the putative GlyR channel fromi?. microplus. The cysteines forming the Cys-loop 
are highlighted in gray shading and the putative membrane domains (TM1-TM4) are underlined in bold. The hyphen indicates the stop codon. 




" » s li « u 1 1 1 i 

« s k US t V$l S 



WTWYHFSAEKU 
Kl WKPDLFrR" 



■<i>mi|«iIP[i s | , , .s , ' 
LBKMLEQYOKRAWPTVGMGHPirvB'M 
!!PBGGGPTEASIAPVnSTAPSDStR Eu 
- i.r.s.c.T CSSSEUVls" 



» » i e 1 8 1 !' f i ! 



EXTRACELLULAR 



Figure 2. Two-dimensional representation of the putative GlyR channel from R. microplus showing the extracellular, transmembrane and 
intracellular domains. 
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Rm-GlyR — SVNQTTAATQWPPL FQYCAGAFRTSLRFHQQEKWI5STGGTGSSSEVYLSSVERESD 56 

Ci-GlvR MQSQYNVCHFVAVLVLLLCTCILGFDESDNRFLEFRHENLFNAELPIDREYDYDNYYGEI 60 

Hs-GlyRa MYSFNTLRLYLWETIVFFS 19 

Hs-GlyRb MKFLLTTAFLILISLWVEEAYSKEKSSKKG 30 

Bt-GlyR MYS FNTLRL YLWET IVFFS 19 

Dr-GlyR MFALGI YLWET IV FFS 16 



RmGlyR 
octin 



Rra-GlvR 
Ci-GlyR 
Hs-GlyRa 
Hs-GlyRb 
Bt-GlvR 
Dr-GlyR 



Rra-GlyR 
Ci-GlyR 
Hs-GlvRa 
Hs-GlyRb 
Bfc-GlyR 
Dx-GlyR 



Rm-GlyR 
Ci-GlyR 
Hs-GlyRa 
Hs-GlyRb 
Bt-GlyR 
Dr-GlyR 



Rrn-GlyR 

Ci-GlyR 

Hs-GlvRa 

Hs-GlyRb 

Bt-GlyR 

Dx-GlyR 



Rm-GlyR 
Ci-GlyR 
Hs-GlyRa 
Hs-GlyRb 
Bt-GlyR 
Dx-GlvR 



Rm-GlyR 
Ci-GlyR 
Hs-GlvRa 
Hs-GlyRb 
Bt-GlyR 
Dr-GlyR 



Rm-GlyR 
Ci-GlyR 
Hs-GlyRa 
Hs-GlyRb 
Bt-GlyR 
Dr-GlyR 



Rm-GlyR 
Ci-GlyR 
Hs-GlyRa 
Hs-GlvRb 
Bt-GlyR 



SPATS DVPATSAETPGGGDPSVPAPRLAFLDKMLEQYDKRAWPTYGMGHPTYVKVNIYVN 118 

PKQRK KTVSTQTHTESTEEKKATYFLDNLFNGYDQRIRPHHKR-SPVNVTVNIFVN 115 

LAA3K EAEAARSAPKPM3PSDFLDKLMGRTSGYDARIRPNFKG-PPVNVSCNIFIN 74 

KGKKKQYLCPSQQSAEDLARVPANSTSNILNRLLVSYDPRIRPNFKG-IPVDVVVNIFIN 89 

LAASK EAEAARSASKPMSPSDFLDKLMGRTSGY DARIRPNFKG-PPVNVSCNIFIN 74 

LAASQ qAAAR-KAASFHFPSEFLDKLMGKVSGYDARIRFNFKG-FPVNVTCNIFTN 71 



2 -> 



Loop D 



Loop A 



SIGFVNANNME YGMDI 
SFGSIAETTMDYRVNI 
SFGSIAETTMDYRVNI 
SFGS IQETTMDYRVNI 
SFGSIAETTMDYRVNI 
SFGSIAETTMDYRVNI 



YLRQ5WQDLRLNVSKYGVTTFVTINGEDIMSKIWKFDLFFRNVK 17 8 
FLRCRWNDQRMAFTGFD — EDAVALHPSMLENIWRPDLFFANEK 173 
FLRQQWNDPRLAYNEYE — DDSLDLDPSMLDSIWKPDLFFANEK 132 
FLRQKWNDPRLKLPSDFRGSDALTVDPTMYKCLWKPDLFFANEK 14 9 
FLRQQWNDPRLAYNEYP — DDSLDLDPSMLDSIWKPDLFFANEK 132 
FLRQQWNDPRLAYSEYP — DDSLDLDPSMLDSIWKPDLFFANEK 129 



Loop : 



EASFHYVTVFNKLVKLGFDGEVLFSMRLTLRLA 
HANFHEVTTEMKLLRI YKNGDVYSSVRLSLTLA 
GAHFHEITTDNKLLRISRNGNVL YSIRITLTLA 
SANFHDVTQENILLFI FRDGDVLVSMRLSITLSM 
GAH FH E I T TDHKL L RI S RNGNVL YSIRITLTLaT 

ganfhevttdnkllriskngnvlysiritlvla! 

Loop F 



FRHFPLDTQI 
HLQNFPMDIQ 1 ; 
DLKNFPMDVQ r 
LTLFPMDTQI 
LKNFPMDVg 



Loop B 

HILLGPYAQT IE 238 
IKMQLESFGYDMR _ 3 :■ 
|lMQLES|GjrMN 192 
JKMQLESFGYTTD 209 
■iMQLESFGYTMN 192 
|lMQLESFGYTMN 189 



Loop C 



QTAISWQDTDPIVLERPIEIPEFDLVHNSYGHYNRAIDT — GVFSFLNAT FTLERQNGYH 296 

DLAFQWQEDLPVQLPPSLTLPQFRILG- YKLGSCTKVYN-TGSFTCIEVSFILERQMGYY 291 

DLIFEWQEQGAVQVADGLTLPQFILKEEKDLRYCTKHYN-TGKFTCIEARFHLERQMGYY 251 

DLRFIWQSGDPVQLEKIALFQFDIKKEDIEYGNCTKYYKGTGY YTCVEVIFTLRRQVGFY 269 

DLIFEWQEQGAVQVADGLTLPQFILKEEKDLRYCTKHYN-TGKFTCIEARFHLERQMGYY 251 

DLIFEWDEKGAVQVADGLTLPQFILKEEKDLRYCTKHYN-TGKFTCIEARFHLERQMGYY 24 8 

TM1 IMZ 

LIQTYLPTFLIVMISWVSFWLNVDATPARVTLGVTTLLTMTTVASGVRTQLPPVSYIKAI 356 

VIQTYVPSALIVILSWVSFWINMEAAPARTALGITTVLTMTTQSSGARASLPKVSYVKAI 351 

L IQMY IPSLLIVILSWISFWINMDAAPARVGLGITTVLTMTTQSSGSRASLPKVS YVKAI 311 

MMGVYAPTLLIWLSWLSFWINPDASAARVPLGIFSVLSLASECTTLAAELPKVSYVKAL 329 

L IQMY IPSLLIVILSWISFWINMDAAPARVGLGITTVLTMTTQSSGSRASLPKVS YVKAI 311 

L IQMY IPSLL I VILSWVSFWINMDAAPARVGLGITTVLTMTTQSSGSRASLPKVS YVKAI 308 

TM3 

DVWIGACSVMVFGALLEFTLVNYLSRSKLRPEEFRKS 393 

DTWMAVCLLFVFAALLEFAVVNFLSRQQQRLIKVNMGWLIKQ 393 

DIWMAVCLLFVFSALLEYAAVNFV3RQHKELLRFRRK RRHHK 353 

DVWLIACLLFGFASLVE YAVVQVMLNNPKRVEAEKARIAKAEQADGKGGNVAKKNTVNGT 389 

DIWMAVCLLFVFSALLE YAAVNFVSRQHKELLRFRRK RRHHKSP 355 

DIWMAVCLLFVFSALLE YAAVNFIARQHKELLRFQRR RRHLK 350 



INIFHRNRKGGEKRDGE 410 

KSYRVTEHRSAPAPPSEDSGDDATRYCIVGRL 425 

EDEAGEGRFNFSAYGMGPACLQAKDGISVKGANNSNTT 391 

GTPVHISTLQVGETRCKKVCT5KSDLRSNDFS IVGSLPRDFELSNYDCYGKPIEVNNGLG 44 9 

MLNLFQEDEAGEGRFNFSAYGMGPACLQAKDG1SVKGANNSNTT 399 

EDEAGDGRFSFAAYGMGPACLQAKDGMAIK-GNNNNAP 38 7 

TM4 

EGPNKYETRGHMELQKNLKRSQNVDKVCRIMFPFVFFVFNVVYWFYYLYMSEFT 4 64 

PIKEEPP-IKQSIAEDYKKKALAIDTL3RIIFPTTFLIFNIVYWLSYKIANNDKEFYMKG 4 84 

NPPPAPSKSPEEMRKLFIQRAKKIDKISRIGFPMAFLIFNMFYWIIYKIVRREDVHNQ-- 449 

KSQAKNNKKPPPAKPVIPTAAKRIDLYARALFPFCFLFFNVIYWSIYL 4 97 

NPPPAPSKSPEEMRKLFIQRAKKIDKI5RIGFPMAFLIFNMFYWIIYKIVRREDVHNQ — 4 57 



Dx-GlvR TSTNPPEKTVEEMRKLFISRAKRIDTVSRVAFPLVFLIFNIFYWITYK11RSEDIHKQ — 445 

Rm-GlyR 

Ci-GlyR AIEYWSD 491 32% 

Hs-GlyRa 33% 

Hs-GlyRb 2 9% 

Bt-GlyR 32% 

Dx-GlyR 34% 

Figure 3. Alignment of the deduced amino acid sequence of 
GlyR from R. microplus (KJ476181), GlyR from C. Intestinalis 
(BAI66458), GlyRa (NP_000162) and GlyRb (NP_000815) from 
H. sapiens, GlyR from B. taurus (NP_776746), and GlyR from 
D. rerio (NP_571477). The cysteines forming the Cys-loop are 
highlighted by red shading and the putative membrane domains 
(TM1-TM4) are highlighted by gray shading. The PAR residues are 
highlighted in yellow shading. The glycine residue marked in 
turquoise likely confers upon the receptor high sensitivity to 
ivermectin. The approximate locations of the glycine binding 
domains are labeled as A-F. Known residues in human GlyRa that 
play a role in glycine binding are highlighted in green [22]. 



■B 

I 

E 




Figure 4. Expression of the RmGlyR gene in different stages of 
R. microplus. RT-PCR reactions were performed using total RNA 
from egg, larvae and adult tissues (ovary and midgut). Tick actin 
gene was used as a control. The data are expressed as a density ratio 
between RmGlyR and actin products. 



identified and characterized in some invertebrates such as Ciona 
intestinalis and Hydra vulgaris [25, 29, 33]. Additionally, the 
sequencing of the starlet sea anemone (Nematostella vectensis) 
genome predicted the existence of a glycine receptor [2]. 

The RmGlyR transcript was expressed throughout develop- 
ment in R. microplus, with the highest expression level seen in 
adult ovary tissue. Similar expression patterns have been 
observed in other Cys-loop LGICSs from Drosophila melano- 
gaster and Tetranychus urticae [4, 5]. 

Hibbs and Gouaux [12] recently solved the crystal structure 
of the Caenorhabditis elegans ocGluCl complexed with IVM. 
The IVM binding site is formed at the interface of two adjacent 
subunits in the transmembrane domain of the receptor. Given 
the high structural similarity among GluCls and GlyRs, it is 
possible that IVM binds in a common location in the GluCl 
and GlyR. Lynagh and Lynch [20] showed that a glycine resi- 
due at the TM3 transmembrane domain location is essential for 
high IVM sensitivity in both glycine- and glutamate-gated Cys- 
loop receptors. We compared the amino acid sequences of the 
three LGICs reported so far in R. microplus and surprisingly 
detected a conserved TM3-Glycine residue in the three recep- 
tors (Fig. 5, shaded in turquoise). The presence of this glycine 
residue would predict high IVM sensitivity of these LGICs, in 
contrast to the human GlyRs (Fig. 3). We also found that these 
receptors possess the PAR motif before the transmembrane 
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GlyR SVNQTTAATQWPPLFQYCAGAPRTSLRFHQQEKVVISSTGGTGSSSEVYLSSVERESDSP 60 

GABA -MRQAMAFSCWSFVLFVAVAVTSAGR 25 

GluCl MSVHSVIRFCVPLVALAFFLLI 21 



Glv RATSDVPATSAETPGGGDPSVPAPRLAFLDKMLEQYDKRAWPTYG — MGHPT YVKVNI YVN 118 

GABA DNGPAPLRPGQTQRGQNITQILNAFFTRG-YDRRVRPN YGGVPVEVGVTMQ II 77 

GluCl LLS-CPSAWGKANFRAIEKRILDSI IGQGRYECRIRPMGINNTDGPCVVRVNIFLR 76 



GlvR SIGPVNANNMEYGMDI YLRQSWQDLRLNVSKYGVTTPVTINGEDIHSKIWKPDLFFRNVK 178 
GABA SISTVSEVQMDFTSDFY FRQSWRDERLSFQKSPDLESMTVG— AEVAERIWVPDTFFANEK 136 
GluCl SISKIDDLSMEYTVQMTFREQWRDERLQYDDLG-GQVRYLT-LTEFDKLWKFDLFFSNEK 



GlvR easfhyvtvpnklvklgpdgevlfsmrltlrlaMmsfrhfpld^^Hhillgpyaqtie 238 

SAiFHAATTFNTFLRI&SG&EVFR.SIRLTVTAS^^^^^^^^^HriEIESF&YTMk 1 96 
GluCl EGHFHMIIMPMVLLRIHPMGDVLFSIRrSLVLS^^^^^^^^^PsiVMVSYGYTTE 134 



GlvR QTAISWQDTDP-IVLERPIEIPEFDLVHNSYGHYNRAIBTGVFSFLNATFTLERQNGYHL 2 97 
GABA DIRYRWSDGDTSVRIAKEVELPQFKVLGHVQKAKEVALTTGNYSRLVCEIRFARJ3MGYYL 25 6 
GluCl DLVFLWKEGDP-VQVTKNLHLPRFTLERFQTDYCTSRTNTGEYSCLRVDLVFKREFSYYL 1 93 



GlvR IQTYLPTFLIVMISWSFWLNVDATPARVTLGVTTLLTMTTVASGVRTQLPPVSYIKAID 357 
GABA IQIYIPAGLIVVISWVSFWLHRNASPARVALGVTTVLTMTTLMSSTNAALPKISYVKSID 316 
GluCl IQIYIPCCMLVIV3WV3FWLDPTSIPARV3LGVTTLLTMATQISGINASLPPV3YTKAID 253 



GlvR VWIGACSVKVFGALLEFTLVNYLSR SKLRPEEFRKSINIFHR— 399 

GABA VYLGTCFVTWFTALLEYAAVGYLGKRITMRKTRCQQLAKLAEQHRQRCAAASSNEFSSEP 376 
GluCl VWTGVCLTFVFGALLEFALVNYASR SDSRRQNTQKQXQRKWELEP 298 



GlvR 

GABA LLASPEVSIVKTVGSCQVCPAAVASQGQPREAPPTGFTMGRRGAEQCCPGLQGSCQVCPA 436 
GluCl PLDS DHLEDGATTFAMR 315 



GlvR NRKGGEKREGEEGPNKYETRGHMELQKN LKR 430 

GABA AVASQTQQQAPFPGIPMEVRLKMVDPKGFSKSSTLENTVNGAPDIEAAFCKNFNKLFGVS 4 96 
GluCl PLVHHHGELHADKLRQCEVHMKTPKTNLCKAWLSRFPTR 354 



GlvR SQNVDKVCRIMFPFVFFVFNWYWFYYLYMSEFT 4 64 

GABA PSDIDKYSRWFPVCFVCFNLMYWI I YLHISDVLPDDVGDD 537 31% 
GluCl SKRIDWSRIFFPLMFALFNLVYWTTYLFREDEEDE 3 90 32% 

Figure 5. Alignment of the deduced amino acid sequences of GlyR 
(KJ476181), GluCl (AHE41097) and GABA (AHE41094) receptors 
from R. microplus. The cysteines forming the Cys-loop are highlighted 
by red shading; the putative transmembrane domains (TM1-TM4) are 
shaded in gray. The PAR residues are highlighted in yellow. The glycine 
residue marked in turquoise likely confers upon the receptors sensitivity 
to ivermectin. 



region 2 (TM2), which is important for forming anion channels 
(Fig. 5) [5]. The results from the protein sequence homology 
analyses and other bioinformatic predictions indicate that we 
have identified the R. microplus gene orfholog for GlyR. Taken 
together, these findings point out GABA, GluCl, and GlyR as 
being the molecular targets for IVM in R. microplus. This 
may well explain the susceptibility of the tick to this class of 
acaricide, although we do not discard the fact that more targeted 
LGlCs may exist. The functional characterization of these 
receptors is required to enhance our understanding of the mech- 
anism of action of IVM, which will facilitate the management 
of macrocyclic lactone resistance in R. microplus. 

Conclusions 

In summary, we report the molecular characterization of a 
glycine-like receptor from R. microplus. To our knowledge, this 
is the first report of a GlyR from ticks. Electrophysiological 
studies are underway to determine GlyR regulation by the ago- 
nist glycine and the acaricide IVM. Finally, the identification of 
molecular targets for IVM helps develop the foundation for the 



study of molecular mechanisms that lead to acaricide resistance 
and for the development of novel acaricides. 
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